Background-There is increasing evidence to support a role for stem cells in the regeneration and repair of the human cardiovascular system. However, significant controversy still remains about the extent of chimerism present in blood vessels and myocytes of transplanted human hearts. Methods and Results-We investigated the contribution of infiltrating host cells to human cardiac allografts by evaluating the origin of vascular smooth muscle cells and cardiac myocytes in hearts after orthotopic cardiac transplantation. Smooth muscle cells were identified in pathological human coronary artery specimens with antibodies against smooth muscle ␣-actin. DNA in situ hybridization for the human Y chromosome was then performed on the same samples to identify cells of male origin. Both myocytes and vascular smooth muscle cells were examined for the presence of the Y chromosome in sex-mismatched specimens. In positive control samples, 34.7% of nuclei contained a detectable Y chromosome; in sex-mismatched samples, 2.6% of the smooth muscle cells examined were of host origin. The Y chromosome in myocyte nuclei in male positive controls was detected; however, despite examination of Ͼ6000 myocyte nuclei in sex-mismatched specimens, we were unable to detect any nuclei with the clear presence of the Y chromosome. Conclusions-Vascular smooth muscle cells of infiltrating host cell origin can be found in human cardiac allografts.
R
ecent observations suggest that circulating stem cells differentiate into, among other cells, vascular smooth muscle cells. Both animal and human experiments have implicated remote progenitor cells in both the pathogenesis of vasculopathy and myocyte regeneration. [1] [2] [3] [4] For instance, coronary artery neointimal smooth muscle cells expressed LacZ after ROSA26 (LacZ) mice received wild-type cardiac allografts, identifying significant host origin of the neointima. 5 Similarly, human smooth muscle cells of host origin were identified in the vascular lesions of renal allografts 6 and in the normal vessels of cardiac allografts. 7 Finally, a significant population of cardiac myocytes of host origin has been identified. 7 Nevertheless, there remains significant controversy about chimerism in the human heart, with conflicting data recently presented. 7, 8 
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We investigated the contribution of infiltrating host cells to human cardiac allografts by evaluating the origin of vascular smooth muscle cells and cardiac myocytes in hearts after orthotopic cardiac transplantation.
Methods

Cardiac Specimens
Pathological autopsy specimens of 6 human male recipients of female cardiac allografts constituted the experimental group; specimens from 2 male recipients of male cardiac allografts and 1 female recipient of a female cardiac allograft were used as positive and negative controls, respectively. Sections of 5-m thickness were obtained and included cardiac myocardium and both small and large coronary arteries. Samples were obtained according to protocols approved by the institutional review board at the University of Pennsylvania.
Immunohistochemistry and DNA In Situ Hybridization
Smooth muscle cells were identified by means of immunohistochemistry with antibodies against smooth muscle ␣-actin. DNA in situ hybridization for the human Y chromosome was subsequently performed with CEP Y satellite III (Vysis), a Y chromosome repeat marker that is labeled with fluorescein, on the same samples to identify cells of male origin. Finally, cell nuclei were counterstained with Hoechst nuclear dye.
Analysis
Cells expressing smooth muscle ␣-actin with nuclei containing an identifiable Y chromosome were identified as vascular smooth muscle cells of male origin. An independent pathologist blinded to the experimental results scored the specimens for degree of transplant arteriosclerosis and cardiac rejection.
Results
In positive control male samples, 34.7% of nuclei (694 of 2000 nuclei) contained a detectable Y chromosome. The fact that some male nuclei did not have detectable Y chromosome staining was most likely related to the thickness of the sections (Figure, a) . Consistent with the high specificity of the assay, no fluorescence signal indicative of Y chromosome was detected in female negative control samples.
Smooth muscle cells containing a Y chromosome were identified in the neointimal lesions of the experimental sex-mismatched specimens, providing definitive evidence of coronary smooth muscle cells of host origin within the allograft. The majority of smooth muscle cells of host origin were identified in medium and small arteries. On average, 2.6% (154 of 6000 nuclei counted) of smooth muscle cells examined were of host origin ( Figure, b and c) . There was significant variation in the percentage of host smooth muscle cells detected in allograft samples, ranging from 0.8% to 5.6% of smooth muscle cell nuclei examined. Given the sensitivity of our assay, we estimate that, at most, 16% of smooth muscle cells within the regions of the cardiac allografts that we examined were of host origin.
The clinical and pathological characteristics of the patients are summarized in the Table. The patients had varying lengths of time after transplantation, as well as varying degrees of rejection vasculopathy. We found no clear correlation between the degree of cardiac rejection, transplant vasculopathy, or time since transplantation and the number of host neointimal cells. Vessels with advanced neointimal smooth muscle proliferation did not have markedly increased (or decreased) numbers of host cells. We did not identify evidence of host cell-mediated angiogenesis because we did not find any vessels in which all or most cells were of host origin.
Finally, we were able to detect the Y chromosome in myocyte nuclei in male positive controls (Figure, d) . However, although we examined Ͼ6000 myocyte nuclei in sex-mismatched specimens, we were unable to detect any nuclei with clear evidence for the presence of the Y chromosome. We did detect other, unspecified Y chromosomepositive cells within the specimens that we examined; these probably represented lymphocytes, monocytes, and/or fibroblasts, but we did not characterize these cells further.
Discussion
Our data demonstrate the presence of infiltrating host cells in the vascular smooth muscle cells of cardiac allografts. The degree to which host cell infiltration occurs seems to be somewhat variable, although generally rare. Although there did not seem to be a relationship between the degree of transplant arteriopathy or degree of cardiac rejection and the degree of chimerism in the vasculature, the number of patients examined was too small to draw clear conclusions about whether such a correlation exists. 
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